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Evaluation of Warehousing Productivity Performance Indicators 
by the FAHP Method 
Abstract  
A warehouse is an important component in logistics operation as it is a huge contributor to speed up and cost the supply chain management. 
To monitor the performance of the warehouse operation, management will analyse the measurement of warehousing productivity. The basis 
of measuring productivity performance in the warehouse is based on how much it cost to perform an operation by utilising the warehouse 
resources. The purpose of this paper is to rank the most important warehouse productivity indicator for improving the warehouse operation 
efficiency. By indicating the main warehouse resources and its sub-criteria, a hierarchy structure of ratio-based warehousing productivity 
performance indicators is constructed. It presents an empirical methodology of the fuzzy analytical hierarchy process (FAHP) method, an 
integration between the fuzzy logic method with an analytical hierarchy process (AHP) method. The results indicate that Warehouse 
Management System scores the highest weight value which followed by Storage Space Utilisation and Throughput accordingly. This 
contributes to grab more attention on the utilization of technologies into the warehouse operation. This article also identifies several additional 
research opportunities on warehouse performance evaluation assessment. 
 
 
Keywords: Warehouse Operation, Warehouse Resources, Warehouse Performance Measurement, Productivity Indicators, FAHP Method 
1. Introduction 
Warehouse operations are very crucial component for the enhancement of logistics service 
quality. The main function of the warehouse facilities as to buffer and smoothen the material 
flows by storing excessive flows, making reserves and providing the goods to the market on 
demand. In some circumstances, the warehouse operations can be a bottleneck resulting to 
major disruption of material flow in the supply chain management and logistics service quality 
(Kłodawski et al., 2017b). Thus, for the enhancement of logistics network operations, the 
warehouse facilities should deliver the services efficiently, effectively and accuracy to ensure 
the final consumers receive the goods on time.  
Managing a warehouse can be a challenging task for warehouse manager in order to ensure 
customers receive their goods on time and in one piece. Therefore, the needs of key warehouse 
performance indicators measurement are very crucial over time for manager to identify area of 
improvements and conduct enhancement action base. In the world of e-commerce 
advancement, the warehouse is seeking for opportunities to increase productivity and accuracy 
in order to cater with multiple of stock keeping units (SKUs) and same-day delivery 
requirements for customers. Shah (2017) claimed that there was less attention on performance 
measurement on each function of warehousing and its overall productivity while most of 
previous reviews broadly focused on warehouse operational and design issues. This paper 
addresses the existing state-of-the-art literature on warehousing productivity performance 
metrices and their impacts. The adoption of the existing model in literature (Staudt et al., 2015; 
Karim et al., 2019) will be used in combination with the techniques of Fuzzy AHP method that 
allows to identify the most important indicator within the warehouse productivity performance 
addressing the area of warehouse activity for improvement.  
 
  
                                                                                                   
2. Literature Review 
2.1 Warehouse Performance Measurement – Productivity Dimension 
Based on previous studies on warehouse performance, there are many models and indicators 
existed for measuring the warehouse performance that consider different key performance 
indicators (KPIs) and improvement on these KPIs independently or in combination with other 
variables. Frazelle (2002) suggested using five indicators to assess the warehouse performance 
including financial, productivity, utility, quality and cycle time along with main warehouse 
process: receiving, storage, order picking and shipping. In addition, Frazelle model 
measurement metrics are commonly used in industries. Meanwhile, Staudt et al., (2015) 
highlighted four main dimensions including time, cost, quality and productivity by determining 
the warehouse business process into the final output. However, this study is considering the 
productivity dimension for highlighting the most important metrices to increase the overall 
productivity performance of the warehouse. 
Warehouse productivity is defined as the ratio of real output produce to real resources 
consumed (Kearney, 1978). In other words, productivity defined as determining the 
corresponding of certain input to perform the final output. There are two variables of 
productivity including the efficiency and utilisation of transforming the primary resources into 
wholesale distribution (Smith and Reece, 1999). Primarily, each of the warehouse process 
components required appropriate actions to be performed to complete given objectives and 
goals (Kłodawski et al., 2017a). Thus, it is closely related with warehouse resources that consist 
of space, equipment and personnel (Pirttilä et al., 1995; Hackman et al., 2001; Chow et al., 
2006; Hamdan and Rogers, 2008) and information systems (Bartholdi et al., 2011; German et 
al., 2019) to carry out the output of the warehouse processes. As such, Table 1 shows the 
warehousing productivity performance indicators for considering the determination of most 
important indicator for improving warehouse productivity. Notwithstanding with the indicators 
presented, this paper considers the model is incomplete due to no consideration on all discussed 
warehouse resources (labour, equipment, space and information system).  
 
Table 1: Warehousing Productivity Performance Indicators 
Indicator Definitions 
Labour Productivity Ratio of the total number of items managed to the amount of item-handling 
working hours 
Throughput Items/hour leaving the warehouse 
Shipping Productivity Total number of products shipped per time period 
Transport Productivity Vehicle fill rate 
Warehouse Utilization The average amount of warehouse capacity used over a specific amount of time 
Inventory Space Utilization Rate of space occupied by storage 
Outbound Space Utilization Utilization of the area inside the warehouse used for retrieving, order picking, 
packing and shipping 
Picking Productivity Total number of products picked per labour hours in picking activity 
Receiving Productivity Number of vehicles unloaded per labour hour 
Turnover Ration between the cost of goods sold and the average inventory 
Source: Staudt et al., 2015; Karim et al., 2019 
 
  
                                                                                                   
The importance of evaluating the productivity performance benefited the warehouse 
managers including (i) to identify areas for improvement by the gaps between established 
standards and actual performance; (ii) to analyse the performance levels of individuals, 
departments, warehouses and firms; (iii) to provide motivation for employees for better 
performance; (iv) to construct better resource planning and new support solution design and 
(v) to conduct decision making process (Edosomwan, 1995; Hamdan, 2005). 
 
2.2 FAHP Method 
The Analytical Hierarchy Process (AHP) is first invented by Thomas Saaty in 1980, a theory 
for the measurement of intangibles side by side with tangibles which has been extensively used 
as Multi Criteria Decision Making (MCDM) tools and computing priorities (Saaty, 2010). 
Some researcher, however, have thought that there were few shortcomings exhibit by AHP 
method. For instance, by implementing 1-9 fundamental scales of the AHP is a scale of crisp 
numbers that leads to unstable mode of respondents which resulting the result judgement be 
imprecise (Abdul Halim et al., 2019). Thus, a Fuzzy set theory introduced by Zadeh (2015) 
must be applied to make the fuzzy judgments (triangular; trapezoidal; interval and fuzzy 
numbers) when dealing with complex decisions and uncertain environment (Ayag and 
Ozdemir, 2006; Özdağoğlu and Özdağoğlu, 2007; Aruldoss et al., 2013).  
The combination of Fuzzy set theory and AHP method known as Fuzzy AHP method has 
become one of the most popular method in MCDM tools. These methods are systematic 
approaches for problem solving justification and selection of alternatives (Bozbura et al., 
2007). Many scholars have engaged in the fuzzy extension on the Saaty’s theory priority. The 
earlier work by Van Laarhoven and Pedrycz (1983) have performed the first application of 
Fuzzy AHP that has used a triangular membership function and have developed a fuzzy version 
of the logarithmic least square method. Following the introduction of trapezoidal membership 
functions employed by Buckley (1985) and claiming that experts can more easily understand 
such numbers where the proposed priorities of comparison ratios functions are similar to 
Wagenknecht and Hartmann (1983). Meanwhile, Chang (1996) has introduced the use of 
triangular fuzzy number for pairwise comparison scale of FAHP and the use of the extent 
analysis method for the synthetic extent values of the pairwise comparison. According to a 
survey conducted by Mardani et al., (2014) on fuzzy MCDM techniques, fuzzy AHP is the 
second widely used techniques in a stand-alone model after AHP method.  
On top of that, the method tool of FAHP in which an expert-based method is applied. By 
using AHP over other MCDM methods, the main advantage is that the method does not require 
a statistically large sample size to achieve statistically strong results (Doloi, 2008; Darko et al., 
2019). The AHP survey are usually conducted with expert-based method that are qualified to 
make the results representative due to the comprehensive interpretation which including several 
aspects and perspectives of a problem (Opitz et al., 2019). However, the final decision of any 
AHP related method used is only plausible if the pairwise comparison matrices passed the 
consistency tests (Awang et al., 2017). 
Therefore, an extension method from AHP to fuzzy domain is used in this study. The 
calculation of FAHP involves fuzzy judgments instead of real crisp numbers to perform and 
construct the pairwise comparison matrices for criteria and alternatives. 
  
                                                                                                   
3. Research Methodology 
In this paper, the aim to evaluate the most important warehouse productivity indicator by 
using FAHP method is conducted. Figure 1 shows the methodological framework on the flow 
processes of the research was conducted. Thus, this study highlighted the use of an Expert 
Survey and Fuzzy AHP method for the research analysis evaluations. 
 
 
Figure 1: Research Framework for Analysing the Warehouse Productivity Performance 
Indicators 
 
3.1 Identification of Warehousing Productivity Performance 
Through the literature survey (as shown in Table 1), the critics on incomplete conceptual 
framework has been discussed. Therefore, this study conducted consultations with experts on 
the improvement and enhancement of the warehousing productivity performance to be 
applicable in academically and industries relate. The selection of expert in this study is required 
to have experience, necessary qualification and an adequate knowledge of the research subject 
(Effimenko et al., 2019). Da Cruz et al., (2013) defined the feature for choosing experts is a 
professional expert must possess more than 5 years of experience in industry and an academic 
expert must have 10 or more international publications. Thus, the indicators have been verified 
and revised by the experts from both academic and industrial perspectives. Table 2 shows the 
warehousing productivity performance indicators by considering the warehouse resources and 
activity relate indicator performance respectively.  
 
  
                                                                                                   
Table 2: The Warehousing productivity Performance Indicators Identified Through Expert 
Interviews and Consultations 














Storage Space Utilisation 




Information System Warehouse Management System 
 
3.2 Generic Model Development  
The warehousing productivity performance indicators are categorised in a hierarchical 
structure. To determine the importance of the warehouse productivity performance, a three-
level hierarchical model is built which including the goal, criteria and sub-criteria respectively. 
As shown in Figure 2, the ratio-based warehousing productivity performance indicators are 
classified into four categories which including the warehouse resources (labour, equipment, 
space and information system). Following with each of the warehouse resource category, the 
activity-related performance evaluation indicator in terms of productivity are constructed. 
Thus, this study conducted fuzzy pairwise judgement with experts according to identified 
warehousing productivity performance indicators. 
 
  
                                                                                                   
 
Figure 2: Generic Model of Warehousing Productivity Performance Indicators 
 
3.3 Classification of Experts 
 
Table 3.4: Classification of Expert Decision-Making Group 
Classification Description of Classification 
Experience Background Involve directly and indirectly in warehouse operation 
Years of Experience At least more than 5 years 
Position/ Rank Operational, Tactical and Strategic Management Level 
 
 
3.4 Established of Weight Criteria 
The procedure steps of this method conducted in this study are as follows: 
 
Construct Fuzzy Pairwise Comparison  
Decision Maker compares the criteria or alternatives via linguistic terms as shown in Table 
3. 
  
                                                                                                   
 
Table 3: Linguistic Terms and the Corresponding Triangular Fuzzy Number 
Saaty’s scale Definition Fuzzy Triangular Scale 
1 Equally important (E. Imp) (1,1,1) 
3 Weakly important (W. Imp) (2,3,4) 
5 Fairly important (F. Imp) (4,5,6) 
7 Strongly important (S. Imp) (6,7,8) 










Source: Ayhan, 2013; Moslem et al., 2019 
The pair-wise contribution matrix is shown in Equation 1, where 𝑑𝑖𝑗
?̃?  indicates the 𝑘𝑡ℎ 
decision maker’s preference of 𝑖𝑡ℎ criterion over 𝑗𝑡ℎ criterion and the “tilde” represents the 
triangular number demonstration (Buckley, 1985). Hence, the Triangular Fuzzy Numbers are 
symbolised as 𝑑𝑖𝑗
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Calculate Means of All Experts to Construct Aggregate Fuzzy Pairwise Comparison Matrices 
If there is more than one decision maker, preferences of each decision maker (𝑑𝑖𝑗
?̃? ) are 
averaged by aggregation of individual decision maker’s judgment to achieve a consensus group 
decision. The best practice is to use geometric means in the AHP method as it is the only one 
sustaining the matrix reciprocal compared to arithmetic means (Aczel and Saaty, 1983; Krejčí 
and Stoklasa, 2018). Moreover, using the geometric mean is more consistent for both 
aggregation by individuals and priorities in the AHP method (Forman and Peniwati, 1998). 
Therefore, this study utilises the AIJ approach to do the aggregation process by indicating the 
geometric means for (𝑙𝑖,𝓂𝑖,𝑢𝑖) and (𝑑𝑖?̃?) is calculated as in the Equation 2 (Davies, 1994; 
Meixner, 2009). 
 













where (𝑙𝑖𝑗𝑘,𝓂𝑖𝑗𝑘, 𝑢𝑖𝑗𝑘) is the fuzzy evaluations of sample members 𝑘(𝑘 = 1,2, … . 𝐾). 
 
According to averaged preferences, pair-wise contribution matrices is updated as shown in 
Equation 3.  
 
  
                                                                                                   





𝒅𝟏?̃? 𝒅𝟐?̃? ⋯ 𝒅𝟏?̃?
𝒅𝟏?̃? ⋯ ⋯ 𝒅𝟐?̃?
⋯ ⋯ ⋯ ⋯





(𝒍𝟏𝟏,𝓶𝟏𝟏, 𝒖𝟏𝟏) (𝒍𝟏𝟐,𝓶𝟏𝟐, 𝒖𝟏𝟐) . . . . (𝒍𝟏𝒏,𝓶𝟏𝒏, 𝒖𝟏𝒏)
(𝒍𝟐𝟏,𝓶𝟐𝟏, 𝒖𝟐𝟏) . . . . . . . (𝒍𝟐𝒏,𝓶𝟐𝒏, 𝒖𝟐𝒏)
. . . . . . . . . . . . . . . .




Approximation of Fuzzy Comparison Values 
The fuzzy comparison values can be found with Equation 4, by incorporating the next sub 
steps as follows; (1) find the vector summation of each 𝑟?̃?, where 𝑟?̃? still represents triangular 




Fuzzy Weights of Each Criterion  
The relative fuzzy weights of each criterion can be found with Equation 5, where the fuzzy 
weight of criterion i (𝑤?̃?) multiply with respective 𝑟?̃? reverse vector. 
 
𝒘𝒊 ̃= 𝒓?̃?× (𝒓?̃? + 𝒓?̃? + ⋯+ 𝒓?̃?)
−𝟏 = (l𝒘?̃?,𝓶𝒘?̃?, 𝒖𝒘?̃?) (5) 
 
Determining the Weight Values 
Since 𝑤?̃? is still in fuzzy triangular numbers, they need to de-fuzzified as (𝑀𝑖) by centre of 
area method proposed by (Chou and Chang, 2008; Chang and Wang, 2009; Meixner, 2009) 



















These are the seven steps to be performed to find the normalised weights of the criteria as 
well as the alternatives. However, the existing alternatives or sub-criteria over the main criteria 
is conducted by multiplying each alternative with the related criteria. Then, the result by the 
highest score alternative is suggested for the decision making.  
 
Calculate the Consistency Ratio (CR) Inspection 




 , i= 1, 2, … ,n (4) 
  
                                                                                                   
Each of the pairwise comparison matrix is being tested their consistency due to the different 
beliefs and views. In FAHP, the pairwise comparison matrix is presented by a triangular fuzzy 
number and the needs to change these numbers to crisp number in order to calculate the 
consistency ratio (Mulubrhan et al., 2014). Therefore, this study indicates the graded mean 
integration approach as calculated in Equation 8 (Leśniak et al., 2018). 
 
 
After defuzzifying each of the pairwise comparison matrix, the Saaty’s consistency 
procedure is applied, where 𝑛 represents the number of items being compared, 𝜆𝑚𝑎𝑥 stands 
for maximum weight value of the 𝑛 × 𝑛 comparison matrix. The equations for consistency 
index (CI) and consistency ratio (CR) are CI = (λmax – n)/(n – 1) and CR = CI/RI. All pairwise 
comparison matrices for the main criteria as well as factors/ alternatives must satisfy CR ≤ 0.1 
and CI ≤ 0.1; or else the group of experts is required to revise the subject pairwise judgments 
before computing the weights (Saaty, 1980; Osnin and Abdul Rahman, 2018). Table 4 shows 
the random consistency index (RI).  
 
Table 4: Value of Average Random Index (RI) Versus Matrix Order 
n 1 2 3 4 5 6 7 8 9 10 
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 
Source: Saaty, 1990 
 
 









5-10 years More than 10 years
Experts Years of Experienece
Number of Experts
𝒂𝒋𝒌 = 








In order to deal with the qualitative data, 12 experts had been approached and interviewed to 
perform the pair-wise comparisons and assigned appropriate graded to deal with importance of 
warehouse productivity indicators. An average algorithm was computed for each criterion 
using geometric means as shown in Eq. 2. For instance, the calculation of ‘Labour’ versus 
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) = (0.367; 0.403; 0.447) 
 
A pair-wise comparison matrix ?̃? (size 4x4) of warehouse resources is created by applying 
Eq. 3 as depicted in Table x. 
 
Pairwise Comparison Matrix of Warehouse Resources 
Criteria Labour Equipment Space Information System 
Labour 1,1,1 1.303, 1.345, 1.381 0.367, 0.403, 0.447 1.024, 1.120, 1.218 
Equipment 0.724, 0.744, 0.767 1,1,1 0.376, 0.409, 0.443 0.474, 0.534, 0.597 
Space 2.235, 2.484, 2.723 2.257, 2.448, 2.658 1,1,1 1.303, 1.413, 1.535 
Information System 0.821, 0.893, 0.976 1.675, 1.872, 2.110 0.652, 0.708, 0.767 1,1,1 






























                                                                                                   
 
The geometric mean of fuzzy (𝑟?̃?) comparison values of each criterion of lower boundary value 
(𝑙𝑟1̃), the mean value (𝑥𝑟1̃), and the upper boundary value (u𝑟1̃) are calculated by Eq. 4. In 
addition, the total value (∑𝑟?̃?) and the reverse power of (-1) values are also presented with the 
geometric means of fuzzy comparison in Table 6.  
However, the order of the number is changed, as the fuzzy triangular number should be an 
increasing number which is also presented in Table 6. 
 
Table 6: Geometric Means of Fuzzy Comparisons Values 
Criteria 𝒍𝒓?̃? 𝒙𝒓?̃? u𝒓?̃? 
C1 
[𝟏 ∗ 𝟏. 𝟑𝟎𝟑 ∗ 𝟎. 𝟑𝟔𝟕 ∗ 𝟏. 𝟎𝟐𝟒]𝟏/𝟒 = 
0.8368 
0.8824 0.9314 
C2 0.5995 0.6347 0.6712 
C3 1.6013 1.7121 1.8255 
C4 0.9729 1.0429 1.1212 
Total (∑ 𝒓?̃?) 4.0104 4.2721 4.5494 
Reverse  
(power of −1) 
0.2493 0.2341 0.2198 
Increasing Order 0.2198 0.2341 0.2493 
 
The fuzzy weight of ‘Labour’ is evaluated for each criterion of lower boundary weight value 
(𝑙𝑤?̃?), the x weight value (𝑥𝑤?̃?), and the upper weight boundary value (u𝑤?̃?) using Equation 5 
as shown in Table 7. 
 
Table 7: Relative Fuzzy Weights of Each Criterion 




𝟎. 𝟖𝟖𝟐𝟒 ∗ 𝟎. 𝟐𝟑𝟒𝟏 = 
0.2066 
𝟎. 𝟗𝟑𝟏𝟒 ∗ 𝟎. 𝟐𝟒𝟗𝟑 = 
0.2322 
C2 0.1318 0.1486 0.1674 
C3 0.3520 0.4008 0.4552 
C4 0.2138 0.2441 0.2796 
Total 0.8815 1.0000 1.1344 
 
The relative non-fuzzy weight of each criterion (𝑀𝑖) is calculated using Equation 6, then 
normalised the weight value (Ni) by performing the Equation 7 as shown in Table 8. 
 
  
                                                                                                   
Table 8: Average and Normalised Relative Weights of Criteria 




 = 0.2076 
𝟎.𝟐𝟎𝟕𝟔
𝟏.𝟎𝟎𝟓𝟑
 = 0.2065 3 
Equipment 0.1492 0.1484 4 
Space 0.4027 0.4005 1 
Information System 0.2458 0.2445 2 
Total 1.0053 1.0000  
 
Determining sub-criteria matrices with its respective consistency ratio under each warehouse 
resources separately as depicted in Table x-y. These matrices are used to evaluate the weight 
values of each sub-criteria under each warehouse resources separately. 
 



































































 CI:0.0297; CR: 0.0265  
 











1,1,1 1.096, 1.168, 1.242 1.010, 1.088, 1.161 1.715,1.847,1.972 
Putaway 
Productivity 
0.805, 0.856, 0.913 1,1,1 0.693, 0.728, 0.767 1.682, 1.955, 2.235 
Picking 
Productivity 
0.861, 0.919, 0.990 1.303, 1.373, 1.442 1,1,1 1.843, 2.011, 2.161 
Shipping 
Productivity 
0.507, 0.541, 0.583 0.447, 0.511, 0.595 0.463, 0.497, 0.543 1,1,1 
 CI:0.0057; CR: 0.0063 
  
                                                                                                   
 























































































 CI:0.0213; CR: 0.0171   
 
The consistency test is performed to ensure that the decision makers are being neither 
random nor illogical in his or her pairwise comparisons. By denoting the aggregation geometric 
mean approach into the comparison matrices, the CR of warehouse resources, labour resource, 
equipment resource and space resource are 0.0189, 0.0265, 0.0063 and 0.0171 respectively. As 
such, the CR of the comparison matrices were accepted as it is less than 0.1. Table 12 presents 
the summary results of weight values and final rankings of all main criteria (warehouse 
resources) and sub criteria (warehouse productivity indicators) of warehousing productivity 
performance indicators. 
 













Labour 0.2065 3 
Receiving Productivity 0.2311 0.0477 8 
Putaway Productivity 0.1566 0.0323 14 
Picking Productivity 0.2495 0.0515 7 
Labour Productivity 0.2223 0.0459 9 
Shipping Productivity 0.1406 0.0290 15 
Equipment 0.1484 4 
Receiving Productivity 0.2970 0.0441 11 
Putaway Productivity 0.2526 0.0375 13 
Picking Productivity 0.3032 0.0450 10 
Shipping Productivity 0.1472 0.0219 16 
Space 0.4005 1 Building Utilisation 0.1011 0.0405 12 
  
                                                                                                   
Storage Space Utilisation 0.2604 0.1043 2 
Staging Area Utilisation 0.1412 0.0565 6 
Turnover 0.1662 0.0665 4 
Throughput 0.1803 0.0722 3 






1.000 0.2436 1 
 
 
5. Conclusions and Recommendations 
Based on FAHP evaluations, the study found that the top three most important warehousing 
productivity performance indicators are Information System- Warehouse Management 
System (0.2436), Space- Storage Space Utilisation (0.1043) and Space- Throughput (0.0722). 
In the era of Industry 4.0, the traditional manual warehouse operation is no longer reliable to deal 
with complex and variety of customer orders. Thus, this study found that the most important 
warehouse productivity indicator is Warehouse Management System (WMS) into the warehouse 
information system resource. This can be seemed that the main advantages of WMS assist in the 
reduction of warehouse storage space, greater accuracy in stock information, increase operational 
speed and quality, as well as boosting the productivity of labour and warehouse equipment 
(Caridade et al., 2017; Pane et al., 2018). On the other hand, throughput is referred to goods leaving 
the warehouse. However, a bottleneck in receiving and shipping goods occurred resulting to achieve 
lower productivity and efficiency performance than targeted (German et al., 2019). Hence, an 
innovative Warehouse Management System is required to increase the efficiency and allows 
customised order fulfilment (Lee et al., 2018).  
The purpose of the work involved in this study was implementing the hierarchy structure of 
warehousing productivity performance indicators and analysing to rank the most important 
indicators in warehousing productivity. In other words, the most important identified indicators 
resulting to capture the attention for warehouse manager to construct action plans. Thus, this study 
highlighted some improvement on the performance measurement models through experts’ 
consultations which resulting to more validate and to keep up with the industry’s practice. By 
considering the warehouse resources (labour, equipment, space and information system) into 
warehouse business process, the hierarchy structure of warehousing productivity performance 
indicators has been constructed. Meanwhile, FAHP method assisted to rank the most important 
indicators including Warehouse Management System, Storage Space Utilisation and Throughput. 
Consequently, manpower accessibility, availability or/and type of material handling equipment used 
and space availability are the important elements that affect productivity and efficiency with the help 
of information system such as WMS come in place to conduct modernise work process and 
beneficial the labour.  
Although the research gaps have been discussed in this paper, these gaps would provide future 
research road map in warehouse performance measurement as follows: 
• To improve the state-of-art literature on different dimensions of performance measures models 
to be fully explored at operational levels and in line with current industrial needs. 
• To conduct extension studies on the performance measures using simulations or case study that 
  
                                                                                                   





The authors would like to thankful to the anonymous Malaysian experts for their 
involvement and contribution in this study; Ministry of Education, Malaysia and Universiti 
Malaysia Terengganu (UMT) for giving the financial support under Fundamental Research 




Abdul Halim, F., Azman, A., and Malim, M. R. (2019), Prioritising critical success factors of TQM in 
Malaysia aerospace industry using fuzzy AHP, Journal of Physics: Conference Series, Vol. 1366, No. 
1, pp. 1366. 
Aczél, J., and Saaty, T. L. (1983), Procedures for synthesizing ratio judgements, Journal of 
Mathematical Psychology, Vol. 27, No. 1, pp. 93-102. 
Aruldoss, M., Miranda Lakshmi, T., and Prasanna Venkatesan, V. (2013), A Survey on Multi Criteria 
Decision Making Methods and Its Application, American Journal of Information Systems, Vol. 1, No. 
1, pp. 31-43.  
Awang, A., Ab Ghani, A. T., Abdullah, L., and Ahmad, M. F. (2017), Fuzzy Analytic Hierarchy Process 
(FAHP) with Cosine Consistency Index for Coastal Erosion Problem: A Case Study of Setiu Wetlands. 
Journal of Computer Science & Computational Mathematics, Vol. 7, No. 4, pp. 107-118. 
Ayağ, Z., and Özdemir, R. G. (2006), A fuzzy AHP approach to evaluating machine tool 
alternatives, Journal of intelligent manufacturing, Vol. 17, No. 2, pp. 179-190. 
Bartholdi, J. J., and Hackman, S. T. (2008), Warehouse & Distribution Science: Release 0.89. Supply 
Chain and Logistics Institute. Retrieved from 
https://www.scl.gatech.edu/sites/default/files/downloads/gtscl-warehouse_science_bartholdi.pdf 
Bozbura, F. T., Beskese, A., and Kahraman, C. (2007), Prioritization of human capital measurement 
indicators using fuzzy AHP, Expert Systems with Applications, Vol. 32, No. 4, pp. 1100-1112. 
Buckley, J. J. (1985), Fuzzy hierarchical analysis, Fuzzy Sets and Systems, Vol. 17, No. 3, pp. 233-247. 
Caridade, R., Pereira, T., Ferreira, L. P., and Silva, F. J. G. (2017), Analysis and optimisation of a 
logistic warehouse in the automotive industry, Procedia Manufacturing, Vol. 13, pp. 1096-1103. 
Chang, D. Y. (1996), Application of the extent analysis method on fuzzy AHP, European Journal of 
Operational Research, Vol. 95, No. 3, pp. 649-655. 
Chang, T. H., and Wang, T. C. (2009), Using the fuzzy multi-criteria decision making approach for 
measuring the possibility of successful knowledge management, Information sciences, Vol. 179, No. 4, 
pp. 355-370. 
  
                                                                                                   
Chow, H. K., Choy, K. L., Lee, W. B., & Lau, K. C. (2006), Design of a RFID case-based resource 
management system for warehouse operations, Expert Systems with Applications, Vol. 30, No. 4, pp. 
561-576. 
Chou, S. W., and Chang, Y. C. (2008), The implementation factors that influence the ERP (enterprise 
resource planning) benefits, Decision Support Systems, Vol. 46, No. 1, pp. 149-157. 
Darko, A., Chan, A. P. C., Ameyaw, E. E., Owusu, E. K., Pärn, E., and Edwards, D. J. (2019), Review 
of application of analytic hierarchy process (AHP) in construction, International Journal of 
Construction Management, Vol. 19, No. 5, pp. 436-452. 
Da Cruz, M. R. P., Ferreira, J. J., & Azevedo, S. G. (2013), Key factors of seaport competitiveness 
based on the stakeholder perspective: An Analytic Hierarchy Process (AHP) model, Maritime 
Economics & Logistics, Vol. 15, No. 4, pp. 416-443. 
Davies, M.A.P. (1994), A Multicriteria Decision Model Application for Managing Group Decisions, 
The Journal of the Operational Research Society, Vol. 45, No. 1, pp. 47-58. 
Doloi, H. (2008), Application of AHP in improving construction productivity from a management 
perspective, Construction Management and Economics, Vol. 26, No. 8, pp. 841-854. 
Edosomwan, J. (1995), Integrating productivity and quality management, CRC Press. 
Efimenko, A., Zlobin, I., Avilov, A., and Markov, A. (2019), Application of expert evaluation method 
for realization of tasks in construction industry, E3S Web of Conferences, Vol. 9, `No. 1-5, PP. 8034-
8039.  
Frazelle, E. (2002), Supply chain strategy: the logistics of supply chain management. McGrraw Hill. 
Forman, E., and Peniwati, K. (1998), Aggregating individual judgments and priorities with the analytic 
hierarchy process. European journal of operational research, Vol. 108, No. 1, pp. 165-169. 
German, J. D., Asuncion, M. K. T., and Pacheco, L. E. (2019, March), Increasing Productivity and 
Efficiency for Third Party Logistics Service, Proceedings of the International Conference on Industrial 
Engineering and Operations Management, pp. 3392-3399. 
Hackman, S. T., Frazelle, E. H., Griffin, P. M., Griffin, S. O., and Vlasta, D. A. (2001), Benchmarking 
Warehousing and Distribution Operations: An Input-Output Approach, Journal of Productivity 
Analysis, Vol. 16, No. 1, pp. 79-100. 
Hamdan, A. (2005), A methodology to establish warehouse productivity measures and warehouse 
efficiency using DEA, The University of Texas at Arlington. 
Hamdan, A., and Rogers, K. J. (2008), Evaluating the efficiency of 3PL logistics 
operations, International Journal of Production Economics, Vol. 113, No. 1, pp. 235-244. 
Karim, N. H., Abdul Rahman, N. S. F., and Syed Johari Shah, S. F. S. (2018), Empirical evidence on 
failure factors of warehouse productivity in Malaysian logistic service sector, The Asian Journal of 
Shipping and Logistics, Vol. 34, No. 2, pp. 151-160. 
Kearney, A.T., (1978), Measuring productivity in physical distribu-tion, NCPDM, Chicago, IL.  
Kłodawski, M., Jacyna, M., Lewczuk, K., and Wasiak, M. (2017a), The issues of selection warehouse 
process strategies, Procedia Engineering, Vol. 187, pp. 451-457. 
Kłodawski, M., Lewczuk, K., Jacyna-Gołda, I., and Żak, J. (2017b), Decision making strategies for 
warehouse operations, Archives of Transport, Vol. 41, No. 1, pp. 43-53. 
Krejčí, J., and Stoklasa, J. (2018), Aggregation in the analytic hierarchy process: Why weighted 
geometric mean should be used instead of weighted arithmetic mean, Expert Systems with 
Applications, Vol. 114, pp. 97-106. 
  
                                                                                                   
Lee, C. K. M., Lv, Y., Ng, K. K. H., Ho, W., and Choy, K. L. (2018), Design and application of Internet 
of things-based warehouse management system for smart logistics, International Journal of Production 
Research, Vol. 56, No. 8, pp. 2753-2768. 
Leśniak, A., Kubek, D., Plebankiewicz, E., Zima, K., and Belniak, S. (2018), Fuzzy AHP application 
for supporting contractors’ bidding decision, Symmetry, Vol. 10, No. 11, pp. 642. 
Mardani, A., Jusoh, A., and Zavadskas, E. K. (2015), Fuzzy multiple criteria decision-making 
techniques and applications–Two decades review from 1994 to 2014, Expert systems with 
Applications, Vol. 42, No. 8, pp. 4126-4148. 
Meixner, O. (2009), Fuzzy AHP group decision analysis and its application for the evaluation of energy 
sources, Proceedings of the 10th international symposium on the analytic hierarchy/network process, 
Pittsburgh/PA, USA, Nations University, Vol. 29. 
Mulubrhan, F., Mokhtar, A. A., and Muhammad, M. (2014), Comparative analysis between fuzzy and 
traditional analytical hierarchy process, ICPER 2014 -4th International Conference on Production, 
Energy and Reliability, Vol. 13, pp. 1006-1010. 
Pane, S. F., Awangga, R. M., and Azhari, B. R. (2018), Qualitative evaluation of RFID implementation 
on warehouse management system, Telkomnika, Vol. 16, No. 3, pp. 1303-1308. 
Opitz, I., Zoll, F., Zasada, I., Doernberg, A., Siebert, R., and Piorr, A. (2019), Consumer-producer 
interactions in community-supported agriculture and their relevance for economic stability of the farm–
An empirical study using an Analytic Hierarchy Process, Journal of Rural Studies, Vol. 68, pp. 22-32. 
Osnin, N. A., and Abdul Rahman, N. S. F. (2018), Assessment and Ranking of Inland Navigation 
Practices in Malaysia: The Case of Kenyir Lake, The Asian Journal of Shipping and Logistics, Vol. 34, 
No. 4, pp. 289-296. 
Özdağoğlu, A., and Özdağoğlu, G. (2007), Comparison of AHP and fuzzy AHP for the multi-criteria 
decision-making processes with linguistic evaluations, Istanbul Commerce University Journal of 
Science, Vol. 6, No. 11, pp. 65-85. 
Pirttilä, T., and Hautaniemi, P. (1995), Activity-based costing and distribution logistics 
management, International Journal of Production Economics, Vol. 41, No. 1-3, pp. 327-333. 
Saaty, T.L. (1980), The Analytic Hierarchy Process. McGraw-Hill, New York.  
Saaty, T. L. (2010), Principia mathematica decernendi: mathematical principles of decision making: 
generalization of the analytic network process to neural firing and synthesis. RWS publications. 
Shah, B., and Khanzode, V. (2017), A comprehensive review of warehouse operational 
issues, International Journal of Logistics Systems and Management, Vol. 26, No. 3, pp. 346-378. 
Smith, T. M., and Reece, J. S. (1999), The relationship of strategy, fit, productivity, and business 
performance in a service setting, Journal of Operations Management, Vol. 17, No. 2, pp. 145-161. 
Staudt, F.H., Alpan, G., Mascolo, M.D., and Toboada Roddriguez, C.M. (2015), Warehouse 
Performance Measurement: A Literature Review, International Journal of Production Research, Vol. 
53, No. 18, pp. 5524-5544. 
Van Laarhoven, P. J., and Pedrycz, W. (1983), A fuzzy extension of Saaty's priority theory, Fuzzy Sets 
and Systems, Vol. 11, No. 1-3, pp. 229-241. 
Wagenknecht, M., and Hartmann, K. (1983), On fuzzy rank-ordering in polyoptimization. Fuzzy Sets 
and Systems, Vol. 11, No. 1-3, pp. 253-264. 
Zadeh, L. A. (2015), Fuzzy logic—a personal perspective, Fuzzy sets and systems, Vol. 281, pp. 4-20. 
 
